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(57) Abstract: The invention relates to a substrate (1) comprising at least 
a first (2) and a second (8) coating layer on one surface of the substrate, for 
nanoimprint lithography, said first coating layer (2) consisting of a posi- 
tive resist and said second (8) coating layer consisting of a negative resist 
The invention also relates to a process in connection with nanoimprint 
lithography on the substrate (1), a pattern (3) of nanometre size being im- 
pressed in a first stage into the second coating layer (8) by means of a tem- 
plate (610), following which the first coating layer (2), in a second stage, 
is exposed to a chiefly isotropic developing method on surfaces thereof 
that have been exposed in connection with said first stage, a method for 
developing and material for said first and second coating layers being se- 
lected so that the first coating layer (2) is developed more quickly than the 
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A SUB STRATE FOR AND A FROCES S IN CONNECTION WITH THE PRODUCT OF 
STRUCTURES 

S TECHNICAL FIELD 

The present invention relates to a substrate including at least a first and a second coating 
layer on one surface of the substrate, for nanoimprint lithography. 

The invention also relates to a process in connection with the lithography of structures of 
1 0 nanometre size on a coated substrata The invention is applicable in connection with 

nanoimprint lithography on semiconductor materials, such as silicon, indium phosphide or 
gallium arsenide, for the production of semiconductor components, but also in connection 
with nanoimprint lithography on other rigid materials, such as ceramic materials, metals or 
polymers with a relatively high glass transition temperature, fbruseine.g. biosensors. 

15 

PRIOR ART 

The trend in microelectronics is towards ever smaller dimensions. In principle, 
development has been such that die dimensions are halving every third year. Commercial 
components are being manufactured today with structures of roughly 200 nm in size, but 
20 there is a need to go even further down in dimensions, to < 100 

nm. Research concerning 
components based on quantum effects is now highly topical and a demand is being created 
for a commercially applicable manufacturing technique for components with dimensions 
< 1 0 nm. These nanocomponents can be produced currently using serial technology in 
individual specimens, for research purposes, but for mass production a parallel production 
25 method is required. One such parallel production method that has been developed in recent 
times is nanoimprint lithography (NIL), US 5, 772, 905, which has set out the basic 
preconditions for the mass production of structures dose to atomic scale, see Stephen 7. 
Chou, Peter R Krauss, Wei Zhang, Lingfie Quo and Lei Zhuang: "Sub-lQnm imprint 
UOiography and appUca Han J. Vac Set TechnoL B, Vol 15, No 6 (1997). 

30 

The basic principle of NIL is mechanical deformation of a thin film layer, which is coated 
onto a flat plate of silicon. The NIL process can be compared with the production process 
for CDs and can be described in three stages: 
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1. Production of template: A template can be produced from various materials, e.g. metal, 
semiconductor, ceramic or from certain plastics. To create a three-dimensional 
structure on one surface of the template, various lithographic methods can be used, 
depending on the requirements for the size of the structures and their resolution. E- 

S beam and X-ray lithography are normally used for structure dimensions that are less 

than 300 nm. Direct laser exposure and UV lithography are used for larger structures. 

2. Imprint A thin layer of a polymer, e.g. polyamide, is applied to a flat substrate of 
silicon. The layer is heated and at a certain temperature, the so-called imprint 
temperature, the predefined template and substrate are pressed together, the inverse of 

10 die template's structure being transferred in the polymer layer to the substrate. 

3. Structure transfer: In the areas pressed together in the polymer layer, a thin layer of 
polymer remains. The last stage is removal of this thin remaining layer on the 
substrate. This is carried out in a so-called "RE" or O2 plasma unit The thinner this 
remaining layer is, the finer the structures that can be created using the nanoimprint 

IS process. 

Several research reports have been presented on the subject, but until quite recently the 
method has been restricted to nanoimprinting of components with a small total area, 
typically only a few square centimetres, see Stephen Y. Ckou, Peter R Krauss and Preston 

20 J. Renstorm: 'WanoimprintlWiography", J. Vac. Set TechnoL B, 14> 4129 (1996); K. 
Pfeijfer* O. Bleidiessel, G Gruetzner, K Schub, T. Hoffmann, H.-C. Scheer, C. M. 
Sotontayor Torres and J. Ahopelto: "Suitability of new polymer materials with adjustable 
glass temperature for rumoimprtnting", Proceeding of Micro- and Nemo-Engineering 
Conference, (1998); and Leuven. Bo Crrf, Wei Wu, Linshu Kong, Xtaoyun Sun and Stephen 

25 T. Chou: "Perpendicular quantized magnetic disks with 45 Gbits ona4x4cnt area ", J. 
AppL Phys. 85, 5534 (1999). 

One problem in connection with die ML process is that there are structural variations in the 
material in the surface of a flat plate, or in other words there is, on a nanometre scale, an 
30 irregularity in the surface of each plate (template and substrate) even if the plates are 

polished. These irregularities mult in an undesirable uneven distribution of force over the 
surfaces when die template and substrate are pressed together, which in turn leads to an 
unevenly embedded structure on die substrate. This is particularly critical for the imprinting 
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process if the plates are large, e.g. if the size of the surfaces is more than SO mm in 
diameter 

JnX Sun etal., "Multilayer resist methods for nanoimprint lithography on nonflat 
5 surfaces", J. Vac. Set. Techno!. B 16(6), Nov/Dec 1998, a method is presented for 

circumventing the problems of non-flat surfaces of substrates. Hie method starts out from 
providing die substrate with a planarising layer with a thickness of around 250*300 na 
This planarising layer can consist e.g. of polymethyl methacrylate (FMMA) or modified 
novolak resin. On top of the planarising layer, the substrate is provided with one or two 

10 further layers. The uppermost layer here is the imprint layer, and an optional intermediate 
layer forms a mask for the lowest layer (the planarising layer). According to the article; an 
imprint is produced in which the side walls of the structures are vertical It is further stated 
that tiie method will probably be applicable for producing structures in the order of 
magnitude of 1 0 nm, even if this is not shown. One problem that is not mentioned in this 

1 5 regard, however, is that it is not possible to achieve intervals (periods) between the 
structural parts that are of as small a size as the structural parts themselves using the 
method described. This is due to the feet that relatively large total layer thicknesses are 
required for the planarising to be achieved When forming structures in these thick layers, 
each part structure must have a base width that is considerably greater than the structure's 

20 dimensions at the sur&ceofthe top coating layer, if the structural part is not to be broken 
of£ Due to this, the periods between the individual structures are considerably larger than 
the dimensions of the structures at the upper surface. 

In SE-AO-9904517-1, an entirely new approach to the manufacture of structures of 
25 nanometre size by means of NIL is presented, which permits mass production of structures 
of nanometre size on large surfaces and thereby opens up entirely new possibilities for the 
design of more compact circuits and sensors for various appli cations with considerably 
greater sensitivity than those of today. The concept according to SE-AO 9904517-1 
. involves using an imprinting device that gives an absolutely even distribution of force over 
30 the entire surfaces that are to be pressed together during the imprint stage, while at the same 
time providing a large tolerance for any irregularities in die substrate. Due to this, no actual 
planarising of the substrate is required beyond conventional polishing. 
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A further aspect that must be taken into account in connection with the imprinting process 
is the subsequent metallization of the substrate and the removal following this, the so-called 
"lift-off, of the coating layer. After a completed imprinting process, the substrate has 
exposed surfaces between the individual structures in the coating layer/layers. On 

5 metallization, a thin metal layer is vaporized over both the exposed surfaces on the 
substrate and on die remain ing structures in the coating layer/layers. The coating 
layer/layers, including die metal thereon, is then removed, e.g. by dissolving the bottom 
coating layer, the "lift-off layer" in e. g, acetone, only metal that is lying directly on die 
substrate remaining on the same. However, the lowest coating layer must have some free 

10 surface where the acetone can reach to begin to dissolve h. The periods between the 

structures in the coating layer/layers should therefore have a profile that is narrower at the 
upper surface of the uppermost coating layer and wider at the contact with die substrate 
(termed an undercut profile below). In die case of such a profile, die metallization layer will 
not be deposited on the inner part of the periods, i.e. on the walls of the structure parts, due 

IS to which these are exposed for dissolving by acetone or the like. However, such profiles are 
impossible to create directly when die template is pressed down into the coating layer of the 
substrate. 

Further aspects to be taken into account are the cost and time aspects. If die NIL process is 
20 to be able to make a commercial breakthrough, it is a major disadvantage if complicated 
apparatus such as reactive ion etching (BSE) has to be used, as this apparatus is extremely 
expensive to purchase. RXE can also cause damage to the crystal structure of die substrate, 
as RIB typically produces ionising eneigy of 200 - 800 eV, while only a few eV are 
required to displace an atom. In spite of these disadvantages, ME is often used today, due 
25 to the fact that cheaper methods such as chemical etching (plasma etching or chemical gas 
etching) are not viewed as giving adequate anisotropy. Anisotropy is taken to mean that the 
etching is directed, i.e. that it acts mainly in one direction (normally vertically) and only 
slightly in a direction at right angles to this (normally horizontally). 

30 The time aspect means that certain etching/developing methods are hard to use since they 
work very quickly. In these cases, a developing time that is only a few seconds too long can 
result in developing that is too strong. In other cases again, the developing can take too 
long, which is unacceptable in a commercial context 
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DESCRIPTION OF THE INVENTION 

The object of the present invention is to present a coated substrate and a process for 
nanoimprinting of such a coated substrate, by which the above problem complex is 
eliminated or minimized. 

5 

A coated substrate and a process for nanoimprinting of such a coated substrate are thus 
presented according to the invention, according to the claims. 

The invention is based on using at least two relatively thin coating layers on one side of the 
10 substrate. These two layers have essentially different material properties with regard to e.g. 
glass transition temperature, die possibility of cross-linking due to the influence of heat or 
irradiation, etching rate in different media or p recesses etc. After imprinting in the upper of 
the two layers, the lower layer is "developed" using a chiefly isotropic developing method 
that is selected so that it does not affect the upper layer at all, or affects it only to a lesser 
15 extent Thanks to the isotropic developing method and its minimal effect on the uppermost 
layer, an undercut profile is produced in die nanostructure. Isotropic developing method in 
this regard is taken to mean a developing method that works in principle equally in all 
directions, in contrast to a directed developing method that works principally in one 
direction. Isotropic developing methods that can be used in this context consist of relatively 
20 very inexpensive chemical etching methods, such as plasma etching or chemical gas 
etching, or inexpensive wet methods such as a developing bath containing sodium 
hydroxide, electrochemical etching or traditional film developing. An example of a directed 
method is die extremely expensive Oz ME process (reactive ion etching). 

25 According to (me aspect of the invention, one coating layer, preferably die lower one, 
consists of a so-called positive resist, while the second coating layer, preferably the upper 
one, consists of a so-called negative resist A negative resist is defined in that the polymer 
resist material is cross-linked on exposure to heat or irradiation, following which non- 
. exposed parts can be removed by means of a developing process, normally a developing 

3 0 bath of various types depending on the resist type. A positive resist is defined in that die 
polymer resist material cannot be cross-linked, but on the other hand parts that are exposed 
to radiation can be removed by means of a developing process, normally a developing bath. 
A negative resist normally has a lower glass transition temperature (T s « 0 - 60 °C) 
compared with a positive resist (Tj = 80- 130 °C). 
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According to another aspect of the invention, the upper coating layer has a thickness of 20- 
500 nm, preferably 20-200 ran and even more preferredly 30-150 nm, while the lower 
coating layer has a thickness of 10-400 nm, preferably 20-200 nm and even more 
preferredly 30-150 nm. At the same time, it should hold good that the upper coating layer 
5 is at least as thick as, or thicker than, die lower coating layer. The lower coating layer thus 
does not have the function of acting as a planarising layer. What is most important, 
however, is that the upper layer is at least as thick as the structure depth in the template that 
is used for the imprint stage. 

1 0 According to yet another aspect of the invention, the positive resist can consist of e.g. a 
material that is sold by Shipley under the name Shipley 1 800 and which can best be 
developed by means of a developing bath comprising sodium hydroxide or tetram ethyl 
ammonium hydroxide. Alternatively, PMMA can be iced for example, which is best 
developed by means of a developing bath comprising isobutyl methyl ketone, or a material 

15 that is sold by Nippon Zeon Co., Ltd, under the name ZEP-520. According to a preferred 
embodiment of the invention, the positive resist in the impression from the template is 
exposed to radiation, which means that the developing time is shortened considerably at die 
same time as a more favourable profile is obtained for the walls. This favourable profile is 
undercut without the positive resist being developed too deeply in a horizontal direction 

20 (Le. not too isotropically). The time for developing following exposure can be from appiox. 
10 seconds up to one minute, compared to several hours for a non-exposed positive resist 
The type of radiation selected and the wavelength selected for the radiation depend on the 
type of positive resist that is used. The types of radiation can be X-ray radiation, electron 
radiation, ion radiation or UV radiation, for example. UV radiation is most preferred and 

25 can have wavelengths of 300-420 nm, or 100-300 nm if it is DUV (deep UV). The type of 
developing for the positive resist consists preferably of an isotropic developing method, 
which will however act to produce a more favourable profile when the positive resist is 
exposed prior to developing. The preferred developing methods are chemical etching 
. methods, such as plasma etching or chemical gas etching or inexpensive wet methods such 

30 as a developing bath, electrochemical etching or traditional film developing. 

According to yet another aspect of the invention, the negative resist consists preferably of a 
material that comprises a modified aromatic polymethyl methacrylate or a modified 
aromatic ally! polymer. Alternatively, the negative resist consists of a known negative 
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resist, e.g. a negative resist that is sold by Olin-Hount under the name SC100 t by Shipley 
under the name SAL, by Micro Resist Technology GmbH undo* the name SU8, or by 
Micro Resist Technology GmbH under the name PGMA. The negative resist is developed 
preferably is ©tropically by means of plasma etching, but chemical gas etching or wet 

S methods can also be used. In the preferred embodiment, the negative resist is exposed at the 
same time as the positive resist is exposed to radiation, meaning that the negative resist is 
cross-linked Due to this, die negative resist will be influenced to an extremely small extant 
when the positive resist is developed. In embodiments also where radiation is not used, the 
negative resist can be cross-linked in this positive manner, primarily due to the heat 

1 0 treatment to which the material is exposed in the actual imprint stage. 

The imprint stage is executed at an elevated temperature, the so-called imprint temperature, 
which lies above the glass transition temperature (Tj) for the negative resist The imprint 
temperature is preferably at a level of 1 00 °C maximum, and is at least 20 °C higher than T g 
IS for the negative resist At the same time, the 
equal to T f for the positive resist 

According to another aspect of the invention, an intermediate layer, a so-called mask, is 
also used between the upper and the lower resist layer. Hie mask layer can best consist of a 

20 material that is influenced only slightly or not at all by a selected developing method, ag. 
plasma etching, for the uppermost resist layer. The mask layer can here consist of a 
semiconductor material, e.g. SiO* or a metal, e.g. aluminium, chromium, gold or tungsten, 
that has good adhesion to both resist layers. The thickness of the intermediate layer can best 
be in the order of 1 0-40 run, preferably 1 0-25 nm. According to a conceivable embodiment, 

25 the intermediate layer can be excluded, either in the case that irradiation is not used or if the 
uppermost layer is formed of a material that does not let the selected type of radiation 
through in the main. 

. According to yet another aspect of the invention, the actual imprint stage in the NIL process 
30 is executed in a device of the type that is shown in SE-AO-9904S17-1, meaning that 
nanostructures can be produced on large surfeces, larger than 7-20 cm 2 , in coating layers 
with relatively small thicknesses, without further measures being required for planarising of 
the substrate. 



WO 01/79933 



8 



PCT/SE01/00788 



According to a further aspect of the invention, the substrate has an uppermost coating layer 
that has a thickness of around 10-30 nm and forms a tun-stick coating to prevent said 
second coating layer from sticking to the template, partly or in large areas. The non-stick 
layer consists preferably of modified FMMA (PPM), and has a glass transition temperature 
5 that is higher than a glass transition temperature for the second coating layer. On imprinting 
at temperatures that are lower than the glass transition temperature for the non-stick layer, 
the non-stick layer will be punctured by a mechanical force but not deformed, since the 
layer is thin and soft but not molten. In the description of the drawings below, the non-stick 
layer has not been shown, s o as not to confuse the principl e for the first and second coating 
10 layers according to the invention. One alternative to using an uppermost, non-stick layer on 
the substrate is to use instead a non-stick layer on the template, e.g. of the teflon type. 

The substrate and the process according to the invention have at least the advantages that 
they facilitate NIL with extremely small structural details, less than 1 00 nm, less than 50 

IS nm or even less than 10 nm, with periods between them of equally small dimensions. The 
total thickness of the coating layers on the substrate is also advantageously thin, it being 
possible nevertheless to produce structures over large surfaces, ie. total surfaces that are 
greater than approx. 7-20 cm 2 . At the same time, an undercut profile of the structures is 
achieved, which according to the above facilitates effective removal of the lift-off layer 

20 following metallization of the substrate. A further advantage is that inexpensive and simple 
equipment can be used in connection with the NIL process. 

DESCRIPTION OF DRAWINGS 

The invention will be described below in greater detail with reference to the drawings, of 
25 which: 

Fig. la shows a coated substrate according to the prior art, the coating layer being provided 

with an impression of nanometre size, 
. Fig. lb shows the substrate in Fig. la following removal of a thin remaining layer of the 
30 coating layer in the impression, 

Fig. lc shows the substrate in Fig. lb, which has been coated with a metallizing layer, 
Fig. 2 shows an imprinted substrate on which a non-exposed, lower r*>sitrve resist has been 
developed isotropicaUy, 
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Fig. 3 shows a coated, nanoimprinted substrate according to the invention, which has been 

coated with a metallizing layer, 
Figs. 4a-e show a coated substrate according to a first embodiment of the invention and the 

stages for NIL of the same, 
5 Figs. Sa-c show a coated substrate according to a second embodiment of the invention and 

the stages for NIL of the same, 
Figs. 6a-d show a coated substrate according to a third embodiment of die invention and the 

stages for NIL of the same, 
Fig. 7 shows a preferred device, seen from the side in cross-section, for execution of the 
10 imprint stage, 

Fig. 8a shows a scanning electron microscope image of a coated, nanoimprinted and 

developed substrate according to the invention, 
Fig. 8b shows a sketch of the substrate in Fig. 8a with reference to different parts in the 

same, 

IS Figs. 9a-b show scanning electron microscope images of a substrate according to the prior 
art, following "lift-off\ a single layer of resist having been used, 
Figs. 9c~d show scanning electron microscope images of a substrate according to the 
invention following "lift-off*. 



20 According to the above problem description, it is important for an undercut profile to be 
produced in the coating layer/layers on the substrate. Fig. la shows a substrate that has 
been coated with a coating layer 2 (a resist) according to the prior art A pattern of 
nanometre size has been obtained in the resist 2 by means ofNIL, a nanometre-size 
impressions in the resist 2 being shown symbolically in the drawing. The template (not 

25 shown) can only produce straight (i.e. vertical) walls in the impression 3, or slightly 
inclined walls 4, in the best case b this regard. In the bottom of the impression 3, a thin 
layer of resist 5 remains. Fig. lb shows the substrate after this thin remaining layer of resist 
5 has been removed (developed) in the impression, eg. by means of plasma etching, so that 
. the substrate 1 has been exposed in the impression 3. The resist thickness has also 

30 otherwise been reduced in connection with the removal of the remaining layer 5 in the 
impression 3, and the walls 4 have possibly become even more inclined and somewhat 
rounded at the top. 
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When a metallizing layer 6, e.g. of chromium, is vaporized onto remaining parts of the 
resist 2 and the exposed part 7 of the substrate 1 in the impression 3, it will settle the whole 
way over the exposed part 7 of the substrate, over the inclined walls 4 and also over die 
remaining parts of the resist This causes problems for a subsequent "lift-off* process, i.e. a 

5 process in which the resist is dissolved in a developing bath (eg. of acetone) so that the 
parts of the metallizing layer 6 that lie above remaining parts of the resist come loose and 
fall off The aim of the lift-off process is that metal 6 shall only remain in the positions 7 
where the metal lies directly on the substrate. If the metallizing layer 6 lies over the walls 4/ 
the developing bath cannot reach the resist 2 to dissolve same, however, in which case the 

10 lift-off process is made considerably more difficult or becomes impossible. 

Fig. 2 shows a problem that can occur with a substrate 1 that has been coated with a Lower 
resist 2, which consists of a positive resist, and a metal layer 9 lying on top of this in which 
a hole after an impression (not shown) has been etched out If the positive resist is not 
1 S exposed to radiation and an isotropic developing method, such as plasma etching, is used, 
developing proceeds very slowly (e.g. 0.1-2 nm/s) and the result is an unfavourable 
profile with strongly hollo wed-out walls in the positive resist Here also there is thus a risk 
that the metal, on subsequent metallization, settles up on the walls of the resist 2, the metal 
on the actual substrate 1 also risking coming loose in the lift-off process. 

20 

Fig. 3 shows a coaled substrate according to the invention, the construction of which will 
be described in greater detail below. The coating layers (resist) 2, 8 have been provided by 
means of the process according to the invention with an impression 3 with a favourable 
undercut profile. The walls 4 in die impression here have a profile that is narrower at the 

25 upper surface of the uppermost coating layer 8 and wider at the contact with the substrate 1 . 
When the metallizing layer 6 is put on, it will not therefore settle on the walls 4, but only on 
top of remaining parts of the resist 8 and on the exposed surfece 7 of the substrate. Due to 
this, the walls 4 are advantageously exposed for the encroachment of die developing liquid 
in a subsequent lift-offstage. 

30 Fig. 4a shows an example of a coated substrate 1 according to a first, preferred embodiment 
of the invention. This substrate 1 has a first coating layer 2, which is arranged in direct 
contact with one surface of the substrate and has a layer thickness of around 60-100 nm. 
The first coating layer 2 consists of a positive photoresist, e.g. Shipley 1800. On application 
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of the first coating layer 2, the resist material has been diluted using a thinner and spun onto 
the substrate at 6000 rpm for 30 seconds . Following this, the substrate 1 with the layer 2 
has been heat-treated (baked) at 1 10 °C for one minute. 

5 The first coating layer forms a protection for the substrate and a lift-off layer, but is 
however too thin to form a planarising layer for die substrate. According to a preferred 
embodiment of the invention, no actual planarising layer is required either, since a device 
(Pig. 7) and a method are preferably used for the imprint stage that mean that even 
imprinting can be obtained even (ma substrate that is not entirely flat 

10 

Arranged in direct contact with the first coating layer 2 is an intermediate layer 9 of a 
semiconductor material or a metal, e»g. SiO^ aluminium or chromium, which has a layer 
thickness of around 20 

ran This interiflfldifltft layer 9 consists in die example of an 
aluminium layer that has been applied by means of vaporization under negative pressure 
15 (e.g.l0*mbar). 

Ananged on top, in direct contact with the intermediate layer 9, is a second coating layer 8, 
which has a layer thickness of around 50-200 nm, it being true at the same time that the 
layer thickness for the second layer 8 is greater than die layer thickness for the first layer 2. 
20 The second coating layer 8 consists of a negative photoresist, e.g. SC100. On application of 
the second coating layer 8, the resist material has been diluted using a thinner and spun 
onto the substrate at 6000 rpm for 30 seconds. The substrate 1 with the layers 2 and 8 has 
then been heat-treated (baked) at 1 10-140 °C for one minute. 

25 In certain cases (not shown) a non-stick layer, e.g. of PPM, can be ananged on the second 
layer 8, which non-stick layer is applied by being spun on at 6000 rpm for 30 seconds to a 
thickness of 10-30 nm. The non-stick layer has lower adhesion to the template (detail no. 
610 in Fig. 7) than to the second layer 8. 

30 Fig. 4b shows the coated substrate following nano imprinting at an imprint temperature 

below 100 °C, eg. 70 °C, and a pressure of around 10-100 bar, in the second coating layer 8 
(the negative resist) and after a thin remaining layer of negative resist in die impression 3 
has been removed by means of plasma etching for 10-20 seconds. The intermediate layer 9 
here forms the mask for the first coating layer 2 (the positive resist). The first coating layer 
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2 has a higher glass transition temperature (T, « 85 °C) than the second coating layer 8 (T g 
~ 35-55 °C\ meaning that only the second coating layer is in a molten state in the 
nanoimprint stage, but not the first 

5 Fig . 4c sho ws the substrate following removal (etching) of the intermediate layer 9 at a part 
thereof that was exposed in the impression 3 . Since the intermediate layer 9 consists of an 
aluminium layer, it is best etched away using a liquid that contains HNO3, CH3OOH, 
H3PO4 and water. Fig. 4d illustrates how the part of the positive resist 2 now exposed in the 
impression is exposed using UV radiation with a wavelength of 365 nm for 10-30 seconds. 

10 . The negative resist 8 is naturally also irradiated at the same time. Due to this, cross-links 
are formed in the negative resist 8, meaning that this cannot be developed away in a 
selected, subsequent developing stage. The positive resist 2 is not cross-linked, however, 
but can be developed away in the parts thereof that are exposed to radiation, Fig. 4e. An 
isotropic developing method is selected here as the developing method, eg. a developing 

15 bath comprising sodium hydroxide or tetxamethyl ammonium hydroxide, which is allowed 
to act for up to 30 seconds. Alternatively, chemical gas etching or plasma etching in oxygen 
gas, which is allowed to act for around 1 .5 minutes, are used. Development of the positive 
resist 2 takes place here both in a Vertical (axial) direction and a horizontal (radial) 
direction, the undercut profile aspired to according to die invention being created in the 

20 coating layers, which is evident in principle from Fig. 4e. Surprisingly, it has turned out to 
be the case that a positive resist exposed using radiation is etched much more quickly in a 
plasma etching stage or chemical gas etching stage than a non-exposed positive resist is, 
e.g. 2-10 nm/s compared with 0.1-2 nm/s. An undercut but not too "hollowed-ouf' profile 
can thus advantageously be created in the positive resist 

25 

Fig. 5a shows a coated substrate 1 according to a second embodiment of the invention. This 
substrate 1 has a first coating layer 2, which consists of a positive resist, eg. FMMAor 
ZEP, which is arranged in direct contact with one surface of the substrate and has a layer 
thickness of around 80 nm. Arranged on top of the first coating layer 2, in direct contact 
30 with die same, is a second coating layer 8, which consists of a negative resist, e.g. SC100 or 
SAL, and which has a layer thickness of around 80 nm. 

Fig. 5b shows the coated substrate following nanoimprinting at 85 °C of die second coating 
layer 8 (the negative resist). Here also, the first coating layer 2 has a higher glass transition 
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temperature (T g = 110417 °Q than the second coating layer 8 (T f = 35-55 °C). Cross- 
linking is also achieved in die material for the second coating layer 8 at the nanoimprint 
temperature, meaning that this will be developed more slowly than the first coating layer 2 
in a subsequent developing staga 

5 

Fig. 5c shows how an undercut profile is obtained by means of isotropic plasma etching at 
S.5 mbar. Thanks to the different material properties of the first and second coating layer 
respectively, which property differences are accentuated by the heat-induced cross-linking 
in the second layer 8, the developing rate for the first layer 2 will be higher than for the 
1 0 second layer 8(1.5 nm/s compared with 1 nm/s). It must also be noted that in this 
embodiment, removal of the thin layer of the second coating layer 8 remaining in the 
impression 3 following imprinting is executed in the same stage as development of the first 
layer 2. 

15 Fig. 6a shows a coated substrate 1 according to a third embodiment of the invention. This 
substrate 1 has a first coating layer 2, which consists of a positive resist, e.g. PMMA or 
ZEP, which is arranged in direct contact with one surface of the substrate and has a layer 
thickness of around 200 nm. Arranged in direct contact with the first coating layer 2 is an 
intermediate layer 9 (a mask) of a semiconductor material or a metal, e.g. SiO^ aluminium 

20 or chromium, which has a layer thickness of around 20 nm. Arranged on top, in direct 
contact with the intennediate layer 9, is a second coating layer 8, which has a layer 
thickness of around 30-40 nm. The second coating layer 8 consists of a negative resist, &g. 
SClOOorSAL. 

25 Fig. 6b shows the coated substrate following nanoimprinting at 85 °C of die second coating 
layer 8 (the negative res ist) . Here also the first coating layer 2 has a higher glass trans ition 
temperature (Tg - 1 10-1 17 °C) than the second coating layer 8 (T g = 35-55 °C). Cross- 
linking is also achieved in the material for the second coating layer 8 at the nanoimprint 
. temperature. 

30 

Fig. 6c stows the substrate following removal (etching) of the intennediate layer 9 at its 
part exposed in the impression 3. Fig. 6d shows file result following isotropic developing, 
plasma etching, of the positive resist 2 at its part exposed in the impression 3 . As in the 
embodiment according to Figs. 5a-c, the developing rate for a selected isotropic method, 
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e.g. a wet method, is higher for the first coating layer than for the second coating layer, 
which leads to the desired undercut profile. 

Fig. 7 shows a device according to SE-AO-9904517-1 for the actual imprint stage in the 
5 process according to the invention, which device is specially adapted for NIL of relatively 
large substrates without these needing to be provided with planarising layers. Detail 
number 61 in Fig. 7 represents a first main part in a preferred embodiment of such a device. 
This first main part 61 comprises a first principally flat base plate 62, which is preferably 
disposed to be displaced in a direction that coincides with the normal for its surface 62a 
1 0 facing a second main part 63 . A principally flat bearing plate 64, on which bearing plate the 
coated substrate 1 is intended to be placed, can be affixed to this surface 62a. Alternatively, 
the substrate 1 can be placed directly onto ihe surface 62a. The substrate 1 is preferably 
circular. The main parts 61 and 63 preferably also have a totationally symmetrical 
appearance. 

15 

The second main part 63 has a cavity 66, which is formed by a bottom 67 and, in the 
example shown, circular-cylindrical side walls 68. As a roof for the cavity 66, a flat, 
flexible membrane 69 is arranged opposite the bottom 67. This membrane 69 consists of a 
polymer material or a thin metal, preferably plastic, rubber or thin metal. One side 69a of 

20 the membrane forms a support for the template 610, and has a diameter or maximum width 
of 25-400 mm, preferably 50-350 ma The membrane has a thickness of up to 10 mm, 
preferably up to 3 mm and even more preferredly up to 1 mm. The template 610 consists, 
according to the known technique for nanoimprint lithography, of a plate of e.g. metal, 
which is provided with a fine structural pattern, with dimensions of nanometre size* on its 

25 suxfece 610a feeing towards the first main part 61. 

The membrane 610 is fixed on the second main part 63, around the periphery of the 
membrane 69 at edges of the cavity 66, by means of a fixing device. A ring 61 1, which is 
. circular in the example shown, is used as the fixing device, which ring is disposed to press 
30 firmly the peripheral edges of the membrane 69 between itself and the free edges of the side 
walls 68. Along its inner circular edge, on the side thereof that feces towards the 
membrane, the ring 61 1 is preferably bevelled 61 la, to provide a soft deflection for the 
membrane 69 on the transition from the ring 611. The risk is hereby reduced of splits or 
fold notches in the membrane 69, its life being extended. 

35 
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' The cavity 66 is intended to accommodate a medium, which consists of a gas or liquid of 
low compressibility, preferably oil and even more preferredly hydraulic oil, which can be 
pressurized via an inlet channel 612, which can be disposed in the side walls 68 or in the 
bottom 67 of the cavity. Pressurization lakes place by means of a pump (not shown), which 
5 is best adapted to provide a pressure with very small variations. This can be achieved e.g. 
by means of a proportional valve. Contained in the second main part 63 is also a second 
principally flat base plate 613, which forms a support for the part with the cavity 66. 

At the imprint stage, the substrate 1 (including die coating layer, not shown) is heated, 
10 following which a pressure is applied in the cavity, eg. around 5-500 bar, so that the 

membrane 69 flexes out The surface 610a of the template and the coated surface la of the 
substrate are thereby pressed together, against the first main part 61 . 

Fig. 8a, with reference numbers according to Fig. 8b, shows a substrate that has been 
15 coated, imprinted and developed according to the invention. In the scanning electron 

microscope image in Fig. 8a, the transition between the different coating layers 2, 8 is not 
visible, nor is the transition between the actual substrate 1 and the resist 2. These transitions 
have been drawn in using dashed lines in Fig. 8b. Figs. 8a~b axe also shown in cross-section 
and slightly in perspective, which has been achieved by breaking the substrate off at a hole 
20 in the same and then inclining it just a little when the SUM image was taken. It is the view 
in perspective and the feet that the break is not entirely clean that leads to the uneven edges 
between the resist 2 and detail 2'. The latter probably consists of resist residues by the 
break. Above the upper resist 8, an edge 10 is visible of a hole that lies further away in the 
view. It is plainly evident that the desired undercut profile 4 has been achieved by means of 
25 the invention. Cf also Fig. 3. 

EXAMPLE 1 

Figs. 9a-d show a substrate that has been coated, imprinted and developed. Following 
. developing, metallizing has been carried out, followed by lift-off The illustrations thus 
30 show the resulting metal coating on the substrata Figs. 9a«b show here a substrate 

according to the prior art, with only one layer of resist, while Figs. 9od show a substrate 
constructed according to the specification, Fig. 4a«e. The first coating layer consisted of 70 
nm of Shipley 1 800, the intermediate layer 9 consisted of 20 nm of aluminium, and the 
second layer 8 consisted of 130 nm of SCI 00. The irradiation used consisted of UV 
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radiation with a wavelength of 265 nm for a time of 20 seconds. Developing was earned 
out in a bath of sodium hydroxide. As is visible in a comparison of Fig. 9a and 9c, and 9b 
and 9d» the improvement in the result is considerable when die invention is used The metal 
structure in Fig. 9a and 9b has a number of voids and uneven edges, while die metal 
5 structure in Fig. 9c and d is complete and wife even edges. Another difference consisted in 
the feet that the lift-off process in Figs. 9a-b took around 10 minutes in a bath during 
ultrasonic treatment, while die lift-off process in Figs. 9c-d took only around 30-50 seconds 
in a corresponding bath. Li Figs. 9b and 9d, dimensions are indicated by a white line that 
corresponds to 1 00 nm in length. 

10 

EXAMPLE 2 

Table 1 exemplifies how different resist types can be selected for the different 
embodiments according to Figs. 4-6, suitable imprint temperatures also being evident It 
can also be noted in this connection that the temperature is reduced to around 25°C before 
15 the template is removed from the coated substrate. 



Table 1 



Second layer. 


SC100 


SAL 




40 °C 


55 °C 


First layer: 






Shipley 1800 


A 


A 


85 °C**) 


(60-85°O*) 


<75-85°C) 


PMMA 


B,C 


B,C 


117 °C 


(60-117°a 


(75-ll7°C) 


ZEP 


B,C 


B,C 


110 °C 


(60-110'C) 


(75-110°O 



A: Embodiment according to Fig. 4 
20 B: Embodiment according to Fig. 5 
C: Embodiment according to Fig. 6' 
*) Nanoimprint temperature 
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The invention is not restricted to the embodiments shown above, but can be varied within 
the scope of the claims. 
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CLAIMS 

1 . Substrate (1) comprising at least a first (2) and a second (8) coating layer on one 
surface of the substrate, for nano imprint lithography, characterized in 1hat said first 

5 coating layer (2) consists of a positive resist and that said second (8) coating layer 

consists of a negative resist 

2. Substrate according to claim 1, characterized in that the first coating layer (2) is 
disposed closest to said surface of the substrate (IX and that the first coating layer (2) 

10 is disposed between said substrate (1) and the second coating layer (8). 

3. Substrate according to claim 1 or 2, characterized in that the first coating layer (2) has 
essentially different material properties to the second coating layer (8), which 
material properties consist preferably of one or more of the properties glass transition 

1 5 temperature, possibility of cross-linking due to the influence of heat or irradiation and 

developing rate in a selected medium or a selected process. 

4. Substrate according to any of the above claims, characterized in that the first coating 
layer (2) has a layer thickness of 1 0-400 nm, preferably 20-200 nm and even more 

20 preferredly 30-150 nm, that the second coating layer (8) has a layer thickness of 20- 

500 nm, preferably 20-200 nm and even more preferredly 30*150 nm, the second 
coating layer (8) preferably being at least as thick as the first coating layer (2). 

5 . Substrate according to any of the above claims, characterized in that the first coating 
25 layer (2) consists of a material in die group that consists of Shipley 1800, PMMA and 

ZEP-520, and that the second coating layer (8) consists of a material in the group that 
consists of a modified aromatic polymethyl methacrylate, a modified aromatic allyl 
polymer, SC100, SAL, SU8 orPGMA. 

30 6. Substrate according to any of the above claims, characterized by a third coating layer 
(9), which is disposed between said first (2) and second (8) coating layer and which 
consists of a material with essentially different material properties to the first and 
second coating layer. 
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Substrate according to claim 6, characterized in toat the third coating layer (9) forms 
a mask for the first coating layer (2), the third coating layer consisting of a material in 
the group that consists of metals and semiconductor material, preferably SiOj, 
aluminium, chromium, gold or tungsten, and the third coating layer having a layer 
thickness of 10-40 nm, preferably 10-25 nm. 

Substrate according to any of the above claims, characterized by an uppermost 
coating layer that is a non-stick layer and consists of a material that has a glass 
transition temperature that is higher than a glass transition temperature for said 
second coating layer, preferably a material in the group that consists of modified 
PMMA, termed PPM, the uppermost coating layer having a layer thickness of 10-30 
nm. 

Process in connection with nanoimprint lithography on a substrate (1) comprising at 
least a first coating layer (2) disposed closest to the surfece of the substrate and a 
second coating layer (8), the first coating layer being disposed between said sub strate 
and the second coating layer, which first and second coating layers exhibit essentially 
different material properties, a pattern (3) of nanometre size being impressed in a first 
stage into the second coating layer (8) by means of a template (61 0), characterized in 
that die first coating layer (2), in a second stage, is exposed to a chiefly isotropic 
developing method at surfaces thereof that have been exposed in connection with said 
first stage, a method for developing and material for said first and second coaling 
layers being selected so that the first coating layer (2) is developed more quickly than 
the second coating layer (8), so that an undercut profile is obtained in the coating 
layers. 

10. Process according to claim 9, characterized in that said material properties consist of 
developing rate in a selected medium or a selected process, and one or more of the 
properties glass transition temperature and possibility of cross-linking due to die 
influence of heat or irradiation. 

11. Process according to claim 9 or 10, characterized in that said first stage is executed at 
a temperature (imprint temperature) that is at least 20 °C higher than a glass transition 
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temperature for said second coating layer (8), but lower than or equal to a glass 
transition temperature for said first coating layer (2). 

1Z Process according to any of claims 9-11, characterized in that said isotropic 
S . developing method consists of a method in the group that consists of plasma etching, 
chemical gas etching or wet methods such as a developing hath, electrochemical 
etching or traditional film developing. 

13. Process according to any of claims 9-12, characterized in that a material is selected as 
10 the second coating layer (8) that is influenced in connection with the first stage in the 

process or in connection with an intermediate treatment stage, so that it is developed 
more slowly than the first coating layer (2) in the second stage. 



14. Process according to any of claims 9-13, characterized in that a positive resist is 
1 S selected as said first coating layer (2) and that a negative resist is selected as said 

second coating layer (8), the first coating layer preferably consisting of a material in 
the group that consists of Shipley 1 800, PMMA and ZEP-520, and the second coating 
layer preferably consisting of a material in the group that consists of a modified 
aromatic polymethyl methacrylate, a modified aromatic aUyl polymer, SCI 00, SAL, 
20 SU8orPGMA. 

15. Process according to any of claims 9-14, characterized in mat the first coating layer 
(2) has a layer thickness of 10-400 nm, preferably 20-200 nm and even more 
preferredly 30-150 nm, that the second coating layer (8) has a layer thickness of 20* 

25 500 nm, preferably 20-200 nm and even more preferredly 30-1 50 nm, the second 

coating layer (8) preferably being at least as thick as the first coating layer (2). 



16. Process according to any of claims 9-1 5, characterized in that a third coating layer (9) 
is disposed between said first (2) and second (8) coating layers, which third coating 
3 0 layer (9) consists of a material with essentially different material properties to the 

first and second coating layer, the third coating layer forming a mask for the first 
coating layer, and the third coating layer consisting of a material in the group mat 
consists of metals and semiconductor material, preferably SiO% aluminium, 
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chromium, gold or tungsten, and the third coating layer having a layer thickness of 
1040 nm, preferably 10-25 nm. 

17. Process according to claim 16, characterized in that the third coating layer (9), in a 
5 stage between said first and second stage, is exposed to developing on the surfaces 

thereof that have been exposed in connection with said first stage, preferably through 
wet etching. 

1 8. Process according to any of claims 9-17, characterized in that said first stage 

10 comprises developing of a thin remaining part of the second coating layer (8) at the 

pressed-down parts in this layer, which developing preferably consists of plasma 
etching, chemical gas etching or a wet method such as a developing bath, 
electrochemical etching or traditional film developing. 

IS 19. Process according to any of claims 9-1 8, characterized by a treatment stage between 
said first and second stage, which treatment stage preferably consists of a stage 
comprising heat treatment and/or irradiation, the second coating layer (8) and/or 
exposed surfaces of the first coating layer (2) being exposed to treatment, so that the 
second coating layer, following treatment, is developed more slowly than the first 

20 coating layer, in the second stage. 

20. Process according to claim 19, characterized in that said irradiation consists ofX-ray 
radiation, electron radiation, ion radiation or UV radiation. 

25 21. Process according to any of claims 9-20, characterized in that the impressing of the 
pattern (3) in the first stage consists in the substrate (1) and the template (610) being 
placed between a first surface (62a) and a second surface (69a), which first and 
second surfaces are opposed to one another, chiefly flat and chiefly parallel in 
relation to one another, characterized in that said second surface (69a) consists of one 

30 side of a flexible membrane (69), a pressure being created on the other side of said 

membrane, so that the template (610) and die substrate (1) are pressed together, 
against said first surface (62a). 



WO 01/79933 



PCT/SE01/00788 




WO 01/79933 



PCT/SEO 1/00788 




SUBSTITUTE SHEET (RULE 26) 



3/6 




SUBSTITUTE SHEET (RULE 26) 



WO 01/79933 



PCT/SE01/00788 



5/6 




fig.8b 



SUBSTITUTE SHEET {RULE 26) 



WO 01/79933 PCT/SE01/00788 



r- 

6/6 





SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SE 01/00788 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: G03F 7/00, B41M 1/06, B81C 1/M t _ , ^ _ 

According to International Patent Classification (IPC) or to both national disrifiotion and IPC 



B. FIELDS SEARCHED 



Minimum docuinenuflon lurched (dajsiflcatton system followed by dassiffcatkro iymbob) 

IPC7: B41M, B81C, G03F 



Documentation starched other than minimum documentation to the extent that tuch documents are included in the fields searched 

SE,(K,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used} 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 

a 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5725788 A (GEORGE N. MARACAS ET AL), 
10 March 1998 (10.03.98), column 1, 
line .4 - line 7; column 2, line 39 - line 61; 
column 3, line 36 - line 40, figure 1 



US 5925259 A (HANS ANDRE BIEBUYCK ET AL), 
20 July 1999 (20.07.99), column 6, 
line 18 - line 43, figure 1 



1-21 



1-21 



j | Further documents are listed in the continuation of Box C Qjj See patent family annex. 



• Sped §3 categories of cited documents: 

'A* document defining the general state of the art which Is not considered 

to be of particular relevance 
*E* earner application or patent but pubHmed on or after the international 

*V document which may tore* doubts on priority d*im(i) or «Wch is 
cited to establish the publication date of another citation or other 
special reason (as specified} 

*0* document referring lo an oral disclosure, use, otoibiticn or other 



*P" document published prior to the mbrraalionil filing data but later than 
the priority date claimed 



"T* later document published alter the international fitint date or priority 
date and not in conflict with the application but dted to understand 
the principle or theory underlying the invention 

*X" document of particular relevance: the daimcd invention cannot be 
considered novd or cannot be considered to involve sn inventive 
step when the document is taken alone 

"Y" document of particular relevance the daimed mvention cannot be 
considered to involve an inventive step ufcen the document it 
combined with one or more other such documents^ such combination 
being obvious to a person skilled tome art 

*&* document member of the same patent JamDy 



Date of the actual completion of the international search 



12 June 2001 



Date of mailing of the international search report 

1 9 -06- 2001 



Name and mailing address of the ISA/ 

Swedish Patent Office 

Box 5055, 8-102 42 STOCKHOLM 

Facsimile No. +46 8 666 02 86 



Authorized officer 



Bengt Christensson/MP 

Telephone No. + 46 S 782 25 00 



Form PCT/ISA/210 (second sheet) (Jury 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


28/05/01 


International application No. 
PCT/SE 01/00788 


patent document 

CjuTU UJ KWCfl I cpUJ I 


Publication 


Pattnl family 
memb«r(f) 


Publication 
date 


US 5725788 A 


10/03/98 


EP 

JP 


0794015 A 
10012545 A 


10/09/97 
16/01/98 


US 5925259 A 


20/07/99 


DE 
EP 
JP 
WO 


69516528 D,T 
0784543 A,B 
9511711 T 
9706013 A 


23/11/00 
23/07/97 
25/11/97 
20/02/97 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



QlINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: — — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




